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Johnson Space Center CFD Overview 


C. P. Li 

Advanced Programs Office 
Johnson Space Center, Houston, Tx 77058 


Recent applications and development of CFD technology have focused on flow 
problems that are critically important to the operation and design of space flight 
vehicles. The main effort is spent on the Space Shuttle in order to provide an un- 
derstanding of the cryogenic fluid in the duct connecting the External Tank and 
the Main Engines, the subsonic flow surrounding the Orbiter during crew egress 
maneuvers, the transonic aerodynamic forces on the the Orbiter fuselage and wing, 
the high angle-of-attack abort flight, and the aerodynamic heating during entry. 
To provide in-depth analyses for such diverse problems within a timely schedule, 
matured panel codes and a state-of-the-art incompressible turbulent flow code were 
adapted. Collaboration with Ames Research Center has resulted in a Shuttle ascent 
aerodynamic code; and a viscous chemical nonequilibrium code is being developed 
for predicting Orbiter real-gas aerodynamics and finite-catalytic heating. The re- 
maining activities are devoted to the prediction of the flow environment around the 
Aeroassist Flight Experiment vehicle at hypersonic speeds and high altitudes. A 
thermochemical nonequilibrium Navier-Stokes code has been developed on the ba- 
sis of two- temperature and 11-species models for solving both the shock layer and 
near wake. After validating the code against wind-tunnel aerodynamic, pressure 
and heating data, the code is being used to supplement the ground test facilities 
in predicting a more realistic flight environment. CFD technology is being relied 
upon by other programs as well in the consideration of candidate configurations. A 
biconic cone entering the Martian atmosphere at moderate angles of attack will be 
analyzed for its stability and heating distribution for the proposed mission. Capa- 
bilities of simulating the low and medium lift-to-drag vehicles flowfield. flying back 
from the Space Station have been demonstrated and will be enhanced to include 
winglets. The development of hypersonic CFD technology at JSC will continously 
emphasize the modeling of radiation and ablation in continuum flow regime, suffi- 
cient realism of geometry, and efficiency of computational methods. 
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Simulation Codes and Computers 
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plication) 

Class IV computer (CY89) 



98 


• CERV results 
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LH2 Feedline 




GRID IN THE DUCT WITH FLAPPER VALVES 
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A PORTION, OF X-Z MEW OF THE GRID AT THE PLANE OF SYMMETRY 


Crew Egress Aerodynamic Analysis 
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Lockheed C-141B (QUADPAN) - Pole Concept 
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- EFFORTS CONCENTRATED ON FULLY UPDATING SSLV CONFIGURATION GEOMETRY DETAILS 

Highest Priority Given to Attach Hardware & LOX/Fuel Feedlines 

SRB/IEA Attach Ring and SRB Plume Simulations Incorporated -- Check Out Proceeding 

- ABILITY TO ACCURATELY DETERMIN WING LOADS-* ► MODEL SSLV GEOMETRY DETAILS 


AERO DATABASE COMPARISONS 
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STS-27 Ascent Debris Trajectory Simulation 
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MSA— 1 (SRB ablator) released <9 0 - 90 on nose cone 
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ORBITER GRID AND MACH 5.2 COMPARISON 
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MACH 7.32 FLOW RESULTS AND GRID 



ifMAL PAGF fc 
0F POO„ QJA %® 


02 

W 

CQ 


D 


u 

< 





107 
















£ 

o 



w 

Eh 

HH 

« 

o 



XJ 



CO 

£ 

> 

<u 



I 


nC 3 

CJ 

o 

Jh 

a 

Oh 

<1 


bO 

P 

» rH 

+3 


cp 


p— 




o 




GO 


XS 




* 0 ) 


XJ 


O 

d 

GO 

<u 

_ ^ 

P 

o 


a> 

a 

A 

p 

GO 

• fH 

F-| 

JC1 

m 


• rH 

0 ) 

P 

p 

cr 

cr 

CL> 

Pi 

O 

Pi 

■ rH 

P 

a> 


4-3 

IS 

0 > 

GJ 

r“H 

• rH 

Oh 

a 

P 

a 

O 

^ a 

u cr 

o 

a> 

x) 

* *a 

0$ 

<D -P 

a> 

GO O 

GO 

E> " 

P 


I 


a> 

P 

xi 

Pi 


rP 

+3 


aj 

4-3 

3 

GO 

a> 

f— i 


<I> 

XJ 

0 

a 

$ 

bO 

1 

4-3 

O 

, 0 ) 

<-(— I 

a> 

A 

<u 

,P 

- 4-3 

0 ) 

fH 

P 

a 

a j 

r Q p 
O xj 


109 


INVISCID CHEMICAL NONEQUILIBRIUM FLOW 

Orbiter canopy 
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BOW SHOCK SURROUNDING A SWEPT- WING VEHICLE 

AT MACH 22 and AOA 40 WITH EQUILIBRIUM CHEMISTRY 
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PRdJEC 
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Comparison of shock shape with data 
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Mach Number Contours 



12.84°/7° Biconic 
Mach 6.0 Alpha 27 



Pressure Temperature 



AFE FLOWFIELD SIMULATION 
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RAMC data 

Performed sensitivity studies of different models 


PHYSICAL MODELING FOR HYPERSONIC VEHICLES 
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Comparison of Shock Shapes and Subsonic Regions 

for an AFE Configuration 
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Ideal Air Ideal CF 4 Equilibrium Air 

Mach 9.81 Mach 6.29 Mach 32.0 



CONTOUR PLOTS OF AFE FLIGHT FLOWFIELD 

inviscid chemical nonequilibrium flow in the pitchplane 
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(b) Isotherm T/T 0 


WALL PRESSURES COMPARISON AND HEATING 

LOW L/D CERV 
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P ct = 131.793 
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